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Abstract At the European level the control of foodborne diseases is defined by the new zoonoses
legislation (Directive 2003/99/CE and Regulation (CE) 2160/2003), which points out the necessity
to establish surveillance programmes for zoonotic agents in animal populations. From 2002 to
2004 baseline studies have been performed in the Veneto Region of Italy to define the prevalence
of Salmonella, Campylobacter, antimicrobial resistance indicators in the most important animal
species farmed and slaughtered in this area. The monitoring scheme applied allowed to precisely
assess the prevalence for different pathogens and animal species, and was adjusted after the first
year of application in order to detect defined variations in prevalence, with a reduced number of
samples. In this paper authors will describe methods and results of the monitoring scheme
applied in pigs at slaughter.
Introduction The control of foodborne diseases must be based on a “farm to fork” approach, in
which primary production represents a critical point for contamination spreading, and is therefore
a key point for any control activity. At the European level, such a strategy is clearly identified by
the new zoonoses legislation (Directive 2003/99/CE and Regulation (CE) 2160/2003), which pro-
vides for the monitoring and the control of foodborne zoonoses at primary production.
Directive 2003/99/EC repeals Council Directive 92/117/EEC and covers:
a) the monitoring of zoonoses and zoonotic agents;
b) the monitoring of related antimicrobial resistance;
c) the epidemiological investigation of food-borne outbreaks;
d) the exchange of information related to zoonoses and zoonotic agents.
The aim of the surveillance is to make evaluation of trends and sources at the EU level possible,
and to provide data to be used as a basis for risk assessment in this field.
Regulation 2160/2003 points out the necessity, for some zoonoses, to establish specific control
measures, which should be based on targets for prevalence reduction.
At the end of 2007 the targets for the reduction of Salmonella prevalence in pigs at slaughter will
be established.
In order to apply the above described legislation, Member States will have to define sampling
programmes, pursuing two different aims:
< to estimate infection prevalence in different animal species and categories;
< to follow trends during time, in order to evaluate targets achievement after the application of
control measures.
From 2002 to 2004 baseline studies have been performed in the Veneto Region of Italy to define
the prevalence of Salmonella, Campylobacter, antimicrobial resistance indicators in the most
important animal species farmed and slaughtered in this area (cattle, pigs, chickens, turkeys, lay-
ing hens, rabbits), with the aim of: 
< evaluating methods for the implementation of the new zoonoses legislation;
< studying and defining a sampling system running “in continuum”;
< detecting specific risk situations.
The monitoring scheme applied allowed to precisely assess the prevalence for different
pathogens and animal species, and was adjusted after the first year of application in order to
detect defined variations in prevalence, with a reduced number of samples.
Materials and Methods
Sampling scheme In the first monitoring campaign (2002-2003) the sampling scheme was
designed with the aim of assessing the prevalence of Salmonella, Campylobacter and antimicro-
bial resistance in indicator bacteria in batches of pigs slaughtered in the Veneto Region. 11 slaugh-
terhouses, having a capacity $ 3000 animals slaughtered per year, were selected for the study.
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The sample size (384 batches) was assessed on the basis of the following criteria:
< expected prevalence = 50%
< accuracy = 5%
< confidence interval = 95%.
Samples were stratified according to the capacity of each slaughterhouse, and equally distributed in a
12 months period. One animal was sampled for each batch, collecting 25 grams of ciecal content.
During the following year (2004), the sampling scheme was modified, with the aim of detect-
ing defined changes in prevalence. The sample size was defined on the basis of Salmonella preva-
lence, since this appeared as the most critical parameter. Starting from a prevalence of 30% (as
identified during the previous monitoring programme), a variation of at least 12% (as either
decrease or increase) was defined as significant, and so a sample size of 187 was calculated, con-
sidering a confidence interval of 95% and a power of 95%.
The formula applied was the one proposed by Bossi (Bossi & Cortinovis, 1996), to calculate the
sample size necessary to compare a proportion with a given value:
where 1-a is the confidence interval,
1-b is the power of the test,
and d is the difference that we want to detect.
Campylobacter monitoring in pigs was not performed in the second campaign (2004), since this
was not considered as a priority, therefore deserving a looser monitoring scheme (not every year).
Laboratory methods For the detection of Salmonella spp., a 5 gr faecal sample was added to 45
ml of Buffered Peptone Water (BPW, Oxoid), and incubated at 37±1°C for 16-20 hours. After incu-
bation, 0.1 ml of BPW were inoculated in 10 ml of Rappaport Vassiliadis Soy Broth (RVS,
Biogenetics), and incubated at 41.5±1°C for 24 hours. A loopful of incubated RVS was striked on
Brilliant Green Agar (BGA, Biogenetics) and Xylose Lysine Tergitol (XLT4, Difco) agar plates and all
plates were then incubated at 37±1°C for 24 hours. Suspected colonies were identified by bio-
chemical tests. All Salmonella strains were serotyped according to the Kauffmann White scheme,
and strains identified as S.Enteritidis and S. Typhimurium were submitted to phage typing accord-
ing to the scheme defined by the HPA, London, U.K. 
For the detection of Campylobacter spp., a 1 gr. faecal sample was added to 9 ml of Preston
Broth (PB) [PB containing: Nutrient Broth (LAB.M), Campylobacter Growth Supplement (Biolife),
Preston Antimicrobic Supplement II (Biolife) and 5% laked horse blood (Biolife)] and incubated at
37±1°C for 48 hours in a microaerobic atmosphere using gas jars. After incubation a loopful of
PB was spread-plated onto modified Charcoal Cefoperazone Desoxycholate Agar (mCCDA)
[mCCDA containing: Campylobacter Blood-free Agar Base (Oxoid) and CCDA Selective
Supplement (Oxoid)] and plates were incubated at 37±1°C for 48 hours as previously described.
One suspected colony per plate was then striked on a Blood Agar (BA, Oxoid) plate and incubated
at 37±1°C for 24 hours. Suspected colonies were identified by biochemical tests.
For the detection both of E.coli and of Enterococcus spp., as indicator bacteria, a 1 gr faecal sam-
ple was added to 9 ml of Tryptone Soy Broth (TSB, Biogenetics).
For E.coli isolation a loopful of TSB was striked on a McConkey (McC, Biogenetics) plate and incu-
bated at 37±1°C for 24 hours. After incubation one suspected colony per plate was identified by
biochemical tests.
For Enterococcus spp. isolation, a loopful of TSB was striked on Slanetz-Bartley (SB,
Biogenetics) and SB containing vancomycin (SB+V) agar plates and incubated at 42±1°C for 24-48
hours. One suspected colony per plate was then striked on a BA plate and incubated at 37±1°C
for 24 hours. After incubation, suspected colonies were identified by the conventional biochemical
tests API 20 Strep (bioMerieux).
All Salmonella, E.coli and Enterococcus spp. isolated strains were submitted to antimicrobial
resistance test, by agar diffusion and following NCCLS standards.
Results In the first monitoring campaign a total of 431 faecal samples, representing 208 batches,
were collected (the number of samples per batch varied from one to three). The batches derived
from 144 farms located mostly in the Veneto Region (119/208) and other regions of northern Italy .
All the 431 samples were analysed for the presence of Salmonella spp.; the prevalence of this
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bacteria resulted to be 29.33% as far as batches are concerned, while the 36.81% of the farms
resulted positive. The three most prevalent isolated serotypes were S. Typhimurium (24.21%), S.
Derby (18.95%), and the monophasic strain 4,5:i (10.53%), (figure 1). 91 out of the 94 isolated
strains were submitted to antimicrobial resistance test. Overall, 67.03% were resistant to sulfon-
amides, 63.74% to tetracycline, 47.25% to streptomycin, 39.56% to ampicillin, 8.79% both to sul-
phamethoxazole/trimethoprim and to nalidixic acid, 7.69% to kanamycin and 6.59% to neomycin.
Resistance to other antimicrobials in the panel was uncommon (table 1).
74 faecal samples, each one representing one single batch, coming from 68 different farms,
were analysed to detect the presence of Campylobacter spp.; the prevalence of this bacteria
resulted to be of 50% as far as batches are concerned, while the 52.94% of the farms resulted
positive. Campylobacter coli was identified as the most prevalent species (65.79%), while
Campylobacter jejuni was never isolated. 
74 faecal samples, each one representing one single batch, coming from 70 different farms,
were analysed to detect the presence of Enterococcus spp. The three most prevalent isolated
species were Enteroccoccus faecium (58.49%) Enteroccoccus durans (18.87%) and
Enteroccoccus faecalis (13.21%). 51 out of the 53 isolated strains were submitted to antimicrobial
resistance test; results are shown in table 1.
74 faecal samples, each one representing one single batch, coming from 70 different farms,
were analysed to detect the presence of Escherichia coli. 44 out of the 47 isolated strains were
submitted to antimicrobial resistance test; results are shown in table 1.
In the second monitoring campaign a total of 173 faecal samples, each one representing one
different batch, were collected. The batches derived from 133 farms located mostly in the Veneto
Region (134/173) and for a minor part from other regions of northern Italy.
All the 173 samples were analysed for the presence of Salmonella spp.; the prevalence result-
ed to be of 25.43% as far as batches are concerned, while the 32.33% of the farms resulted pos-
itive. The three most prevalent isolated serotypes were S. Typhimurium (22.22%), S. Anatum
(20%), and S. Derby (13.33%) as shown in figure 1. 40 out of the 45 isolated strains were submit-
ted to antimicrobial resistance test. Overall, 80% were resistant to sulfonamides, 70% to tetracy-
cline, 42.50% both to streptomycin and to ampicillin, 15% to nalidixic acid,  7.50% to kanamycin,
5% to sulphamethoxazole/trimethoprim. Resistance to other antimicrobials in the panel was
uncommon (table 1).
128 faecal samples, each one representing one single batch, coming from 107 different farms,
were analysed to detect the presence of  Enterococcus spp. The three most prevalent isolated
species were Enteroccoccus faecalis (45.21%), Enteroccoccus faecium (28.77%), and
Enteroccoccus durans (15.07%). 40 out of the 73 isolated strains were submitted to antimicrobial
resistance test; results are shown in table 1.
137 faecal samples, each one representing one single batch, coming from 114 different farms,
were analysed to detect the presence of Escherichia coli. 86 out of the 100 isolated strains were
submitted to antimicrobial resistance test; results are shown in table 1.
Discussion The experience carried out during this monitoring programme allowed us to test the
methodology, from both an epi-
demiological and microbiological
point of view.
An important advantage of
the method applied is the possi-
bility of using the same sample
to make different kind of exami-
nations, with the aim of giving
the best possible value to the
effort of building and implement-
ing a sound sampling scheme.
The statistical method adopt-
ed in 2004 appeared very useful
in order to asses variations in
prevalence during time, with a
limited number of samples. Figure 1: Distribution of Salmonella serotypes (%) over time.
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We chose to perform sampling at the slaughterhouses, and this offered the advantage of a
not very time-consuming operation, avoiding the need of visiting several premises and the neces-
sity of a national database of holdings. On the other hand, sampling at slaughter showed some
problems, as the fact that the holding of the batch of origin was not always easily identifiable a
priori, and probably this created some difficulties to official veterinarians in slaughterhouses in
respecting the sampling scheme, leading to repeated sampling of some batches and holdings, dif-
ferently from what originally prescribed. 
Moreover, sampling at slaughterhouse poses a serious problem related to the risk of cross-
contamination (Botteldoorn et al, 2003; Berends et al, 1997). In general, faecal samples at slaugh-
ter not always give a precise indication of the sanitary status of herds, but is also not completely
representative of a possible risk for the consumer, if other factors such as slaughtering and pro-
cessing are not taken into account (Berends et al., 1998). It’s therefore a very cost-effective
method to estimate the prevalence in a given area when no precise information of the sanitary
status of animal population is available, and can provide baseline data on which a more targeted
monitoring scheme can be designed (Davies et al, 2004).
Conclusions Considering advantages and disadvantages previously described, in the framework
of zoonoses monitoring, we strongly recommend a scheme based on the multiple examination of
the same matrices, and on statistical criteria which allow to follow trends during time and to
promptly detect variations in prevalence.
In order to overcome disadvantages due to sampling at slaughter, it was decided that the next
monitoring scheme in pigs in the Veneto Region of Italy will be performed at holdings, in order to
compare the efficacy of different approaches and to achieve the experience necessary to success-
fully implement zoonoses legislation in this animal species.
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Antibiotic
2002-2003 percentages 
of resistant strains
2004 percentages 
of resistant strains
Salmonella
spp.
Enterococcus
spp.
E. coli
Salmonella
spp.
Enterococcus
spp.
E. coli
Colistin 0.00 0.00 0.00 0.00
Sulphamethoxazole
/Trimethoprim
8.79 38.64 5.00 29.70
Kanamycin 7.69 9.09 7.50 10.47
Gentamicin 0.00 1.96 2.27 0.00 2.50 0.00
Neomycin 6.59 2.50
Cefotaxime 0.00 0.00 0.00 0.00
Amoxycillin/
clavulanic acid
0.00 0.00 0.00 0.00
Nalidixic acid 8.79 9.09 15.00 8.14
Tetracycline 63.74 58.82 84.09 70.00 67.50 74.42
Ampicillin 39.56 5.88 40.91 42.50 5.00 43.02
Streptomycin 47.25 47.73 42.50 22.50 32.56
Sulfonamides 6.03 80.00
Chloramphenicol 4.40 7.84 27.27 2.50 25.00 23.26
Cephalothin 2.20 2.50
Enrofloxacin 1.10 0.00 0.00 4.65
Ciprofloxacin 0.00 7.84 0.00 12.50
Penicillin 23.53 10.00
Erithromycin 52.94 50.00
Rifampicin 45.10 37.50
Teicoplanin 0.00 2.50
Vancomycin 0.00 0.00
Spyramicin 90.20 95.00
Tylmicosin 64.00 85.00
Amikacin 0.00 0.00
Cefazolin 0.00 0.00
Spectinomycin 6.82 8.14
Sulfisoxazole 61.36 61.63
Table 1: Percentage of Salmonella spp., Enterococcus spp. and
E.coli strains from pigs resistant to individual antimicrobials.
